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S T A N D A R D I Z A T I O N OF M E T H O D FOR D E T E R M I N I N G A N D 
C O M P A R I N G P O W E R COSTS IN S T E A M P L A N T S 

B Y H . G. S T O T T A N D W . S. G O R S U C H 

ABSTRACT OF P A P E R 

The fundamental basis of determining and comparing the cost of power 
should be, per ki lowatt-hour net ou tput . 

1. Method of determining the cost of power by groups and individual 
i tems, followed by discussion. 

2. Discussion of a method for providing an amort izat ion fund from 
life expectancy tables for replacing and renewing building and equipment . 

3 . Method of determining t ha t portion of Administrat ion Expenses 
chargeable to the cost of power, followed by discussion. 

Equi table basis of comparing costs of power in different plants and 
under different conditions. 

1. Definition of load factor with a discussion of i ts influence on the 
cost of power, followed by a method of correcting costs for comparat ive 
purposes. 

2 . " Reduct ion Factor " for comparing the relative values of fuel 
having different costs and calorific values. 

3 . " Reduction Factor " for comparing the relative labor costs. 
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STANDARDIZATION OF METHOD FOR DETERMINING 
AND COMPARING POWER COSTS IN STEAM 

PLANTS 

BY H . G. STOTT AND W . S. GORSUCH 

The need of some uniform method of accounting for the deter
mination of the cost of power in steam plants has been long felt. 
The subject, however, seems to have been allowed to drift along 
without reaching any very definite conclusion, with the natural 
result that there are numerous forms in use today. These forms 
are founded upon assumptions which are radically different; for 
example, some costs are based upon the gross output and others 
on the net output to feeders, giving results which may vary from 
2 to 5 per cent, and yet both may be correct. 

This paper is presented with the hope that the Standards Com
mittee may consider the time opportune to adopt a standard 
method of determining power costs in steam plants using coal, 
oil or gas for fuel, whereby the various items that enter into the 
cost of generating electricity can be compared, and at the same 
time, ascertain whether or not the plant is realizing its full 
efficiency. 

The modern tendency to consolidation of small plants also 
renders it essential that not only should costs be determined, but 
that some method should be established whereby the costs in 
different plants can be corrected to allow for variation in load 
conditions, cost and quality of fuel, labor, etc. 
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The subject of this paper is naturally divided into five in
dependent sections, as follows: 

I. Production and Production Repairs Costs. 
I I . Inves tment Costs. 

• I I I . General and Miscellaneous Administration Expenses. 
IV. Total Cost of Power. 
V. Analysis of Production and Production Repairs Costs and Da ta . 

For the purpose of studying the performance of individual 
plants; or comparing independent stations, the groups under the 
first four sections are arranged so that the cost of any item can 
be determined in cents per kilowatt-hour net output for any 
period. Section V gives a complete analysis of section I and of 
the general operating results for the same period. 

I. PRODUCTION AND PRODUCTION REPAIRS COSTS 

PRODUCTION COSTS 
Cost, cents 1 
per kw-hr. 
net output 

Group 

P.A.MANAGEMENT AND CARE 
1. 
2. 
3 . 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

Superintendence 
Engineering Staff 
Chemists 
Clerks 
Messengers 
Janitors 
Watchmen 
Store keepers 
Elevatormen 
Miscellaneous 

JO 
iJ 

Total: 

P.B. BOILER ROOM 
1. 
2. 
3 . 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11. 
12. 

Engineers ! 
Water tenders 
Stoker operators 

α " assts. 
Firemen 
Firemen assts. 
Feed pumpmen 
Oilers 
Boiler cleaning 
Economizer, cleaning, 

S 

and oiling 
Ash handlers 
Miscellaneous 

Total: 

3 
O 
H 

PRODUCTION REPAIRS COSTS 
Cost, cents 
per kw-hr. 
net output 

Group 

R.A. FURNACES AND BOILERS 
1. Boilers 
2. Furnace settings 

(brick) 
3 . Stoker and stoker 

engines or motors 
4. Stoker (parts inside 

of furnace) 
J 5. Grate bars 

6. Burners and atomizers 
7. Superheaters 

f 8. Smoke stacks 

IH 

o 
�J 

1 9. Boilei insurance j 
10. Miscellaneous j 

Total: 
1 1 

R.B. BOILER ACCESSORIES J 
1 1. Economizers j 

2. Boiler feed pumps j 
| 3 . Heaters 

4. Coal handling ap
paratus 

1 5. Ash handling appar
atus 

I 6. Fuel oil handling ap-i 
| paiatus 

7. Fuel gas handling ap-

�a a o 
H 

! paratus i \ 
8. Miscellaneous 

j | : 
Μ Total: 
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I. PRODUCTION AND PRODUCTION REPAIRS COSTS—Continued 

PRODUCTION COSTS 
Cost, cents 
per kw-hr. 
net output 

Group 

P.C. ENGINE ROOM 
1. Engineers 

Turbine operators 
Wipers 
Air pumpmen 
Engine oilers 
Pump oilers 
Miscellaneous 

Total: 

P.D. ELECTRICAL 
1. Supt. and operators 
2. Switchboardmen 
3 . Dynamo tenders and 

cleaners 
4. Oil switch attendants 
5. Storage battery at

tendants 
6. Wiremeri 
7. Electrical laboratory 
8. Lighting system 
9. Miscellaneous 

Total: 

P.E. FUEL FOR STEAM 
1. Coal, bituminous.tons 

(2240 lb.) (1016 kg.) 
2. Coal, anthracite, tons 

(2240 lb.) (1016 kg.) 
3 . Oil 

barrels (hectoliters) 
pounds (kilograms) 

4. Gas.cu. ft.(cu.meters) 
5. Dock rental 
6. Track rental 
7. Miscellaneous 

Total: 

P.F. WATER FOR STEAM 
1. Feed water 
2. Condenser water 
3 . Chemicals used in 

purification 
4. Condensing water 
5. Tunnel rental 
6. Miscellaneous 

Total: 

PRODUCTION REPAIRS COSTS 
Cost, cents 
per kw-hr. 
net output 

Group 

R.C. ENGINES 
1. 
2. 
3 . 
4. 
5. 

Reciprocating 
L. P. turbines 
H. P. turbines 
Exciters 
Miscellaneous 

Total 

R.D. ENGINE ACCESSORIES 
1. Condensers, baro

metric and jet 
2. Condensers, surface , 
3 . Cooling tower 
4. Auxiliary pumps 
5. Miscellaneous 

Total: 

E. PIPING 
1. 
2 . 
3 . 
4. 
5. 
6 
7. 
8. 
9. 

10. 

Main steam 
Auxiliary steam 
Exhaust steam 
Hot water 
Cold water 
Blow off 
Traps 
Oil system 
Air system 
Miscellaneous 

Total 

R.F. ELECTRIC GENERATORS 
1. Engine driven 
2. Turbine driven, L.P. 
3 . Turbine driven, H.P. 
4. Exciters 
£ Miscellaneous 

Total; 
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I. P R O D U C T I O N AND P R O D U C T I O N R E P A I R COSTS—Cont inued 

PRODUCTION COSTS 
Cost, cents 
per kw-hr. 
net output 

Group 

P.G. LUBRICANTS 
1. All lubricants for 

machinery # 
2. Miscellaneous 

Total: 

P.H. PRODUCTION SUPPLIES 
1. 
2. 
3 . 

•4. 
5. 

6. 
7. 

Rags 
Waste 
Packing 
Fire room tools 
Chemical laboratory 

supplies 
Lamps and fuses 
Miscellaneous 

Total: 

P.I. STATION EXPENSES 
1. Stationery and print

ing 
2. House water 
3 . Telephone 
4. Miscellaneous 

Total: 

J GENERAL 
1. Vehicle service 
2. Personal injuries 
3 . Other property dam

age 
4. Pensions 
5. Miscellaneous 

Total: 

PRODUCTION REPAIRS COSTS 
Cost, cents 
per kw-hr. 
net output 

Group 

R.G. ELECTRICAL ACCESSOR 
IES 

1. Oil switches 
2. Switchboards 
3 . Storage battery, en 

citer 
4. Storage battery, con-1 

trol 
5. Rotary converters or| 

motor generators 
6. Signal system 
7. Electrical laboratory 
8. Miscellaneous 

Total: 

R.H. TOOLS 
1. Machine shop 
2. Repair of all tools 
3 . Cranes and hoists 
4. Miscellaneous 

Total: 

R.I. BUILDING 
Building 
Elevators 
Lighting 
Heating 
Ventilating 
Miscellaneous 

Total: 

R.J. GENERAL 
1. Vehicle service 
2. Personal injuries 
3 . Other property dam

age 
4. Miscellaneous 

Total 
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SUMMARY OF PRODUCTION AND PRODUCTION REPAIRS COSTS 

PRODUCTION COSTS 
Cost, cents 
per kw-hr. 
net output 

Group 

P.A. MANAGEMENT AND CARE 
P.B. BOILER-ROOM 
P.C. ENGINE-ROOM 
P.D. ELECTRICAL 
P.E. FUEL FOR STEAM 
P.F. WATER FOR STEAM 
P.G. LUBRICANTS 
P.H. PRODUCTION SUPPLIES 
P.I. STATION EXPENSES 
P.J. GENERAL 

I 
Total: | 

PRODUCTION REPAIRS COST 
Cost, cents 
per kw-hr. 
net output 

Group 

R.A. FURNACES AND BOILERS 
R.B. BOILER ACCESSORIES 
R.C. ENGINES 
R.D. ENGINE ACCESSORIES 
R.E. PIPING 
R.F. ELECTRIC GENERATORS 
R.G. ELECTRICAL ACCESSOR

IES 
R.H. TOOLS 
R.I. BUILDING 
R.J. GENERAL 

Total: 

O 
d 

1 ά 
�»-> 13 

o 
H 

Cost, cents per kw-hr. net output 
Labor and material 

PRODUCTION 
PRODUCTION REPAIRS 

Total 

Definitions of Production Groups 
The groups are designated by letter and the general items 

under the groups are numbered for convenience of reference. A 
miscellaneous item is added to each group to include matters 
not specifically covered by the general items. When general 
labor is chargeable to a particular group but not definitely cov
ered by any item of that gre up, it should be charged to the 
miscellaneous item. 

GROUP P. A. MANAGEMENT AND CARE. This includes that 
portion of the salaries and personal expenses of the station 
manager or chief engineer, mechanical engineer or superintendent, 
electrical engineer or superintendent ; that portion of the salaries 
of the engineering staff, chemists and store-keepers chargeable 
to the generating plant; also salaries of clerks, messengers, 
janitors, watchman and elevatormen. 

GROUP P.'B. BOILER ROOM. This covers the cost of all labor 
in boiler room and elsewhere in the power plant having to do with 
making steam; including that portion of the salaries of the 
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assistants to the mechanical engineer or superintendent charge
able to the boiler room; also such labor as water tenders, stoker 
operators, assistant stoker operators, firemen, assistant firemen, 
feed pumpmen, oilers, boiler cleaning, economizer cleaning and 
oiling, ash handlers and miscellaneous. 

Coal handlers or coal passers are here called assistant stoker 
operators or assistant firemen, depending whether the boilers 
are machine or hand fired. 

In items 9 and 10 the words " cleaner " and " oiler " are not 
used as this work is usually performed by different labor in the 
boiler room. 

GROUP P. C. ENGINE ROOM. This covers the cost of labor on 
prime movers of all kinds; including that portion of the salaries 
of the assistants to the mechanical engineer or superintendent 
that is chargeable to the engine room ; also such labor as engineers, 
turbine operators, wipers, air pumpmen, engine oilers, pump 
oilers and miscellaneous charges. 

GROUP P. D. ELECTRICAL. This covers the cost of all labor 
in connection with the electric generating apparatus, beginning 
with the generators driven by the prime movers, and including 
the switchboard and other auxiliary apparatus up to where the 
electric current leaves the station; that portion of the salaries of 
the assistants to the electrical engineer or superintendent that is 
chargeable to the electric generating apparatus; also such 
labor as operators, switchboardmen, dynamo tenders, dynamo 
cleaners, oil switch attendants, storage battery attendants, 
wiremen and work of the electrical laboratory force charge
able to the station; lighting system and miscellaneous charges. 

GROUP P. E. FUEL FOR STEAM. This covers the cost of 
fuel used under the boilers, for generating steam whether coal, oil 
or gas, at the cost delivered in the bunkers or tanks; including 
the cost of fuel and such labor as bucket men, conveyormen, 
coal hoisters, coal trimmers, trolleymen, weighers and laborers. 
This also includes dock rental, track rental and any special ex
penses incurred in disposing of ashes. No portion of the cost of 
boiler room labor should be charged to this group. 

GROUP P. F. WATER FOR STEAM. This covers water for boilers 
and condensers; tunnel rental for condensing water; also 
chemicals used in purification. Water for general station pur
poses is not to be included. 
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GROUP P. G. LUBRICANTS. This covers all lubricants for 
machinery in the generating station, but does not include oil 
for transformers, or oil for lanterns. 

GROUP P. H. PRODUCTION SUPPLIES. This covers the cost of 
all supplies used in the generating plant which are consumed in 
the operating process, the replacement of which does not con
stitute a repair or renewal; the cost of repairs of operating tools; 
also such matters as rags, waste, packing, fire room tools, 
chemical laboratory supplies, lamps and fuses. Item 7, 
" Miscellaneous," should include gagι glasses, gage washers, 
gaskets, steam and air hose; bolts, screws, nails, dynamo brushes, 
etc. 

GROUP P. I. STATION EXPENSES. This covers such matters 
as stationery and printing; also house water and telephone 
service. Item 4 " Miscellaneous/' includes heating, cleaning 
systems, fire protection system, janitors' supplies, ice water, 
toilet service and care of streets, yards, sidings, etc. 

GROUP P. J. GENERAL. This covers such general and miscel
laneous items that are chargeable to production but not in-
cludible in any particular one of the " Production Costs " 
groups. The vehicle service whether automobile or horse can be 
apportioned between " Production Costs " and " Production 
Repairs Costs." 

Charge to this group all expenditures incident to injuries to 
persons, and property damaged when caused directly in connec
tion with the production of electric power, as enumerated under 
the following heads: 

(a) Claim Department Expenses. This includes salaries and 
expenses of claim agents, investigators, adjusters, and 
others engaged in the investigation of accidents and 
adjustment of claims. 

(b) Medical Expenses: This includes salaries, fees, and 
expenses of surgeons and doctors; nursing, hospital 
attendance, medical and surgical supplies; also other 
hospital expenses. 

(c) Injuries to Employees. This includes amounts paid in 
settlement of claims of employees for injuries arising 
in the course of their employment; also wages paid to 
disabled employees while of! duty. 
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(d) Other Personal Injuries and Property Damage. This in
cludes amounts paid in settlement of claims of persons 
other than employees for personal injuries sustained 
in connection with production of electric power; 
also amounts paid in settlement of claims for damage 
to property not owned by the accounting corporation. 
If the loss is of such character that it is in whole or 
in part indemnifiable under any contract of insurance 
carried by the corporation, the indemnifiable portion 
of the loss shall be credited to items 2 and 3 of 
Group " P. J." 

To this group should also be charged all law expenses 
in connection with the defense or settlement of 
damage claims chargeable to the power plant, in
cluding : 

1. Salaries and Expenses of Attorneys. A proper 
proportion of the salary and expenses of the 
general solicitor or counsel, and salaries, fees, 
and expenses of attorneys engaged in this 
work. 

2. Court Costs and Expenses. Fees of court steno
graphers, expenses connected with taking 
deposition, and other court expenses. 

3. Law Printing. Cost of law books, and cost of 
printing briefs, court records, and similar 
papers. 

The above accident, damage and legal expenses are inde
pendent of the " General Law Expenses" which are included in 
Group "A. D.," under the "General and Miscellaneous Admin
istration Expenses." 

Item 4 of Group " P. J." covers all pensions paid to retired 
employees of the power plant, and expenses in connection there
with. 

NOTE: It is important that the expenses of personal injuries, 
ether property damages and pensions, chargeable to the power 
plant should be determined independently for the power station, 
as it is relatively small in comparison with that of some of the 
other departments. If any difficulty should arise in keeping any 
of these accounts, they may be estimated as accurately as 
possible for the purpose qi determining the amount chargeable 
to the power plant. 
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When any of the operating men under Groups P. B., P. C , 
P. D. and P. E. are used for repair work, that portion of their 
time should be charged to the proper groups and items of " Pro
duction Repairs." 

Definitions of Production Repairs Groups 
GROUP R· A. FURNACES AND BOILERS. This covers all the 

cost in connection with repairing boilers and furnaces. This 
includes boilers, furnace settings, brick work, bridge walls, 
arches, jambs, stokers and stoker engines or motors, stoker 
bars, stoker chains, tuyeres, retorts, grate bars, etc.; damper 
regulators, tubes, valves, oil atomizers, oil and gas burners in 
furnace; superheaters and smoke stacks; also boiler insurance 
and miscellaneous charges. 

GROUP R. B. BOILER ACCESSORIES. This covers all fuel 
handling apparatus and auxiliary apparatus in the boiler room. 
This includes economizers, boiler feed pumps and primary and 
secondary heaters; all coal handling machinery such as, tower 
with foundations, hoisting apparatus, elevators, weighing ap
paratus, conveyors, crushers, belts, links, brackets, wheels, 
chutes and gates; all ash handling apparatus such as, cars, 
conveyors, winches, motors, buckets, chains, wheels, hoppers, 
chutes and gates; also the fuel oil and fuel gas handling 
apparatus including storage tanks, piping, pumps, heaters 
filters and meters. The miscellaneous item includes blower 
engines or motors, injectors and pumps for chemical purification; 
also water meters, etc. 

GROUP R. C. ENGINES. This includes all the cost of repairing 
prime movers, such as reciprocating engines, low-pressure tur
bines, high-pressure turbines and steam-driven exciters. 

GROUP R. D. ENGINE ACCESSORIES. This covers the cost of 
repairing accessories to the prime movers, including such matters 
as barometric condensers, jet condensers, surface condensers, 
packing tubes, renewing tubes, heads and doors, cooling tower; 
also air, circulating, vacuum and hot well pumps. 

GROUP R. Λ. PIPING. This covers .the cost of repairing the 
piping system in connection with the making of steam and 
delivery thereof to the prime movers; including such matters 
as main steam pipin'g, auxiliary steam, exhaust steam, hot water, 
cold water, blow off, traps, oil system and air system. House 
water^pipingjis^charged to Group " R I . " 
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GROUP R. F. ELECTRIC GENERATORS. This includes the cost 
of repairing engine or turbine driven electric generators; also 
motor and steam driven exciters. 

GROUP R. G. ELECTRICAL ACCESSORIES. This covers the cost 
of repairing the electrical accessories not included in Group 
" R. F . " This includes oil switches and equipment, switch
boards and equipment, such as circuit breakers, switches, instru
ments, bus-bars, transformers, reactive and resistance coils; 
also storage batteries for exciter and control w7ith their 
auxiliary apparatus; synchronous converters, motor generators, 
signal system and the expenses of the electrical laboratory force 
chargeable to " Production Repairs/ ' 

GROUP R. H. TOOLS. This covers the cost of repairing 
station tools and implements that have been capitalized (except 
fire room tools provided for under Group " P. H."). Among 
the principal items in this group are blacksmiths', machinists', 
pipe fitters' tools, pump room tools, engine tools and cutting 
tools; also cranes, hoists, etc. 

GROUP R. I. BUILDING. This covers the cost of repairs of 
buildings and structures used for power station purposes (except 
the coal tower which is provided for. under Group " R. B."). 
Item No. 1 " Building " includes the cost of repairs to the build
ing proper, foundations, fixtures therein, maintaining walks, 
driveways, and ground connected with building. In addition 
to the building this group should include elevators, lighting 
(except lamps and fuses) ; also heating, ventilating, house water 
piping, etc. 

GROUP R. J. GENERAL. This should cover such general and 
miscellaneous items that are chargeable to " Production Re
pairs " but not includible in any particular one of the " Produc
tion Repairs " groups. The vehicle service whether automobile 
or horse can be apportioned between " Production " and " Pro
duction Repairs." 

Personal injuries and other property damage includes all the 
items mentioned under Group " P. J. " providing they are caused 
directly in connection with " Production Repairs." In cases 
where the distribution of any of the accounts cannot be defi
nitely determined, apportion them on the basis of one-half to 
44 Production " and one-half to " Production Repairs." 

NOTE: Men assigned to the power station such as, foreman 
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of engine room repairs, machinist foremen, machinists, armature 
repairers, masons, painters, carpenters, blacksmiths, toolmen, 
steam fitters, pipe coverers, crane operators, riggers, laborers, 
etc. are often used for repairs to parts of the system other than 
the power station. In this case only that portion of the ex
penses chargeable to the power station should be included in 
the proper groups and items of " Production Repairs. " 

II . INVESTMENT COSTS 
That portion of the Total Cost of Power which comes under the 

heading of " Investment Costs/ ' is for convenience divided into 
the following groups: 

Cost, cents per kw-hr. 
Group net output 

I. A. Interest 
I. B. Taxes 
I. C. Insurance 
I. D. Amortization Fund 
I. E. Miscellaneou 

Total: 

Definitions of Investment Groups 
GROUP I. A. INTEREST. This covers interest on all capital 

invested in the power plant including land, buildings and equip
ment. The amount of interest chargeable to the power plant 
should be readjusted when necessitated by such changes as 
additions, betterments, withdrawals, etc. 

GROUP I. B. TAXES. This includes all taxes in connection 
with and chargeable to the power plant, including land, building 
and equipment. State franchise tax, revenue tax, etc., should 
be apportioned on the same basis as the " General and Miscellan
eous Administration Expenses/' explained under section I I I . 
The amount of taxes charged to the power plant should also 
be readjusted at suitable periods. 

GROUP I. C. INSURANCE. This covers all fire, casualty, 
and other insurance that is strictly chargeable to the total 
operating cost of the power plant. Boiler insurance is in
cluded in group " R. K." under " Production Repairs." 

Amortization Fund. 
GROUP I. D. In order to clearly define what is meant here 

by " Amortization Fund " it may be helpful to give a brief 
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discussion of depreciation to such extent as may be necessary 
to determine its general relation to the operating costs of 
steam driven power plants. 

Depreciation may be divided into two general classes: (1) 
Physical depreciation, (2) functional depreciation. 

Physical depreciation is the result of deterioration due to 
wear and tear caused by regular use, decay and the action of the 
elements. This class of depreciation should be taken care of by 
maintenance and repairs and everything charged directly to the 
various groups under " Production Repairs," necessary to keep 
the plant at 100 per cent efficiency. With this method of keeping 
accounts the word " depreciation " due to wear and tear, dis
appears. 

Functional depreciation is the result of lack of adaption to 
function, caused by obsolescence and inadequacy. Obsolescence 
is due to changes or advances in the art which renders a piece 
of apparatus, or a whole class of it, obsolete and uneconomical 
of use, as compared with new types which have been developed 
at a later date and which are much more efficient. It is probable 
that an expensive machine which is in good working order may 
become obsolete and require replacement well within its expecta
tion of life. 

Inadequacy results from changed conditions, growth or 
decline of business, rendering the apparatus or property inade
quate for its purpose, and necessitating the installation of 
machinery capable of better meeting the requirements. 

This class of depreciation cannot be prevented by maintenance, 
or offset by repairs but can only be taken care of by complete 
replacement, and should therefore be provided for by means of a 
renewal, reserve fund or " Amortization Fund " the term by 
which it is designated in this paper. With the " Amortization 
Fund " an arbitrary percentage should be set aside and that 
percentage corrected, if necessary periodically, so that when the 
apparatus is condemned on account of obsolescence or inade
quacy, there will be a fund which will meet the expenses. 

It is a difficult matter to predict in advance the length of time 
that a piece of apparatus or an entire plant may remain in good 
serviceable condition before it becomes ineffective, and for this 
reason the amount originally estimated to be set aside periodic
ally should be taken up for revision, say, every five or ten years, 
and an adjustment should be made by increasing or diminishing 
the allowance as the circumstances may require. 
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The amount estimated to be set aside is to be charged to 
operating expenses as covered by group " I. D." (Amortization 
Fund) under " Investment Costs," and the money so charged to 
be taken and invested at compound interest so that the accumu
lated amount will equal the original cost less scrap value at the 
end of the assumed life. Under the " Amortization Fund " 
method the existing fund is always less than it would be under 
the straight line method. 

There are two ways in which the " Amortization Fund " can 
be invested : first, in securities with a regular market value and thus 
saleable at any time and in which case there would be a nominal 
rate of interest; second, this fund can be invested in the com
pany's own business, provided it be left in such a way as will 
render it readily available when needed, in this case a higher 
rate of interest may be expected. The objection to the 
first scheme is that the company borrows money at a high rate 
of interest and loans it at a low rate of interest. However, 
it is not within the scope of this paper to discuss the nature of 
investment, but to recommend that a fund be provided to cover 
the expenses when it is necessary to scrap old apparatus and 
replace with new. 

The expense of all replacements or renewals which do not have 
any substantial increase in capacity over the equipment or 
apparatus for which they were substituted, is to be covered by 
the " Amortization Fund." Where a substitute has a substan
tially greater capacity than that for which it is substituted, the 
cost of substitution of one of the same capacity as the apparatus 
replaced should be taken care of by the " Amortization Fund," 
and the remaining portion of the cost of the actual substitute 
should be charged to capital account. 

To establish the amount to be set aside annually for ap
paratus or power plant, it will be necessary first, to determine 
the original cost, scrap value, estimated life and rate of in
terest to be received. 

Cost of Apparatus or Power Plant. Where the " Amortization 
Fund " is started at the beginning of the plant's service, the 
original cost less the estimated scrap value should be used as the 
basis upon which to determine the rate. Where the account 
is not started for some years after the plant is put into 
operation, the value used should be the original cost less scrap 
value less the amount that would be existing in the invested 
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fund at that time if there had been an " Amortization Fund " 
started at the beginning of the plant's service. 

Scrap Value. By scrap value is meant the fair market price 
of old apparatus after deducting the cost of.removal. It is a 
difficult matter to anticipate just what the scrap value will be as 
with nearly all equipment, it depends upon its condition when it 
becomes obsolete or inadequate. If the apparatus is still service
able a higher price than scrap value may be obtainable, and its 
worth in this case is characterized as " Salvage Value." For the 
purpose of determining the amortization fund rate, we will 
consider only the scrap value and assume the approximate 
values in percentage of the original cost as indicated in the Life 
Expectancy Table that follows. 

Estimated Life of Apparatus. How long apparatus or equip
ment will remain in service before it becomes obsolete, inadequate 
or ineffective, is purely a speculative matter. Past experience, 
knowledge of the art and careful judgment are the only factors 
available for arriving at the probable life of apparatus and 
property. For this reason thι Amortization Fund rate should 
be adjusted periodically as the life of some apparatus may be 
longer and some shorter than anticipated. 

The following " Life Expectancy Table " we believe gives 
fairly representative figures of what may be expected in first-
class steam driven power plants: 

TABLE I—LIFE EXPECTANCY TABLE 

Property 

Buildings 
Boilers, stokers and furnaces 
Conveyers, elevators and hoists 
Turbines, complete 
Engines and condensers 
Piping, values and traps 
Pumps 
Synchronous converters, transformers and 

exciters, etc 
Switching apparatus and instruments 
Alternators 
Motors 
Tools and sundries 
Storage batteries 

Total life 
(years) 

75 
20 
20 
12 
12 
12 
12 

20 
12 
12 
20 
10 
10 

Scrap value, 
per cent 

of original cost 

5 
5 
1 

10 
10 
3 
5 

10 
5 

10 
10 
3 

10 

Interest on Invested Fund. The rate of interest that will be 
received on the money set aside for renewals under the " Amorti-
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zation Fund " will depend upon where and how the fund is 
invested. 

The following illustration will demonstrate how the amount to 
be set aside annually at compound interest for the " Amortization 
Fund " can be determined for a new Steam Driven Turbine 
Power Plant costing $75 per kilowatt economical rating includ
ing the building and equipment complete. Land generally ap
preciates and therefore is not considered in this illustration. 

The first operation will be to ascertain the original cost of 
each item given in the " Life Expectancy Table " the sum of 
which must be equal to the total original cost of the plant), and 
then deduct the scrap value to obtain the cost on which to 
base the " Amortization Fund." The annual amount to be 
charged to the " Amortization Fund " for each item and to be 
set aside at 4 per cent compound interest which will accumulate 
a sum equal to the original cost less the scrap value at the end 
of the expected life, can be computated from standard annuity 
tables. 

The costs per kilowatt economical rating of the various ele
ments entering into the power plant as given in Table II , are 
only approximate for steam turbine plants having a capacity 
of 25,000 kw. or more. 

TABLE n 

Property 

Boilers, stokers and 
furnaces 

Conveyors, elevators 
and hoists 

Turbines, complete.. . 
Condensers 
Piping, valves and 

traps 
Pumps 
Synchronous conver

ters, transformers, 
exciters, etc 

Switchboard appara
tus and instruments 

Motors 
Tools and sundries... . 

Original cost 
per kilowatt 

economic 
rating 

$20.00 

21.00 

4.50 
10.00 
4.25 

4.50 
0.75 

3.00 

3.80 
0.20 
3.00 

$75.00 

Total original 
cost of 25,000 
kilowatt plant 

$500,000 

525,000 

112,500 
250,000 
106,250 

112,500 
18.750 

75,000 

95,000 
5,000 

* 75,000 

$1.875.000 

Total original 
cost less scrap 
value of 25,000 
kilowatt plant 

$475,000 

498,750 

111,375 
225,000 

95,625 

109,125 
17.813 

67.500 

90.250 
4.500 

72.125 

$1,748,188 

Annual charge 
to " Amortiza

tion Fund" 

$1,059 

16,750 

3,741 
14,970 
6,408 

7,265 
1,186 

2,268 

6,006 
151 

5,938 

$65,742 
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It will be seen from Table II that when the scrap value is 
deducted $1,748,188 or 93.2 per cent of the original cost of the 
plant including building and complete equipment, remains to 
be covered by the " Amortization Fund;" 27.2 per cent of the 
$1,748,188 represents the building and 72.8 per cent the equip
ment. 

The amount to be set aside annually is, $1,059 for the building 
and $64,683 for the equipment or $65,742 for the entire plant, 
which is equivalent to 0.223 per cent of the total original cost 
of the building less scrap value and 5.08 per cent of the total 
original cost of the equipment less scrap value or 3.76 per cent 
of the total original cost of building and equipment less scrap 
values respectively. 

In case an " Amortization Fund " has not been maintained 
at all for a large part of the plants' life and it is desired to provide 
for a portion of the equipment and building during the remaining 
life, the operation will be the same as described above with the 
exception that it will be necessary to determine the value as 
stated under the heading " Cost of Apparatus or Power Plant," 
and estimate the remaining life. 

The average weighted life of the equipment complete con
sidered as a whole is obtained by multiplying the assumed life 
in years of each item by the cost of the item and dividing the 
sum by the total cost of all the equipment. The average weighted 
life in this illustration is approximately 16 years. 

Readjustment of Amortization Fund. The percentage or 
amount that is annually set aside for the " Amortization Fund " 
should be periodically readjusted to correct for the possible 
change in assumed life, increase or decrease in cost due to 
additions, replacements or renewals and withdrawals. 

If after a plant has been in operation for five years it is found 
that the estimated life of certain portions of the equipment is 
longer and other portions shorter than was anticipated, the 
" Amortization Fund " can be readjusted as follows: 

Establish a new " Life Expectancy Table " and obtain the 
remaining life of each item upon which the revised annual 
charge is to be based. Determine the cost of each item for cal
culating the revised percentage to be set aside, by deducting 
from the " Total Original Cost Less Scrap Value " given in 
Table II, the amount of the* " Amortization Fund " at the 
end of 5 years plus the compound interest on this amount at 
4 per cent for a period equal to the remaining life. The 
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" Revised Annual Charge to the Amortization Fund " can be 
then computed from annuity tables as in the previous illustra
tion. 

TABLE I I I—LIFE EXPECTANCY TABLE: 

Property 
Estimated total life in years 

Original Revised 

Revised 
remaining life 
after 5 years 

Building 
Boilers, stokers and furnaces 
Conveyors, elevators and hoists 
Turbines, complete 
Condensers., 
Piping, valves and traps 
Pumps 
Synchronous converters, transformers, 

exciters, etc 
Switchboard apparatus and instruments 
Motors 
Tools and sundries 

75 
20 
20 
12 
12 
12 
12 

20 
12 
20 
10 

75 
18 
15 
10 
10 
10 
10 

22 
14 
15 
12 

70 
13 
10 
5 
5 
5 
5 

17 
9 
10 
7 

The average weighted life of the equipment taken as a whole 
on the basis of the revised " Life Expectancy Table " is 14.5 
years, whereas with the originally estimated life it is 16 years. 

TABLE IV 

Property 

Total original 
cost less scrap 
value of 25,000 

kilowatt 
plant 

Original cost 
less scrap value 
A. F. amount 

for 5 years, and 
interest of 

amount for re
maining life 

Revised annual 
Charge to 

Amortization 
Fund 

Building 
Boilers, stokers and furnaces 
Conveyors, elevators and hoists 
Turbines, complete 
Condensers 
Piping, valves and traps 
Pumps 
Synchronous converters, transformers, 

Exciters, etc 
Switchboard apparatus and instrument 
Motors 
Tools and sundries j 

$475,000 
498,750 
111,375 
225,000 
95,625 
109,125 
17,813 

67,500 
90,250 
4,500 
71,250 

$1,748,188 

$385,663 
347,750 
81,385 
126,340 
53,410 
61,275 
10,002 

43,580 
43,930 
3,289 
28,910 

$1,185,534 

$1,059 
20,915 
6,782 
23,320 
9,870 
11,320 
1,847 

1,839 
4,150 
274 

3,660 

$85,036 
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From the above table it will be seen that the amount to be 
set aside annually is $1,059 for the building and $83,977 for 
the equipment or $85,036 for the entire plant. The percentage 
that is to be set aside after 5 years is 4.86 per cent of the total 
original cost of the building and equipment less scrap value, 
which is an increase of approximately 29.5 per cent over that 
originally estimated. 

In a similar way the " Amortization Fund " should be read
justed when additional equipment is installed, old apparatus 
renewed, replaced or withdrawn. 

GROUP I. E. MISCELLANEOUS. Charge to this group that 
portion of other investment costs chargeable to the " Total 
Cost of Power " and not specifically covered by any of the above 
groups. Annual expenses of franchises and other intangible 
capital not specifically a departmental charge is to be apportioned 
as explained in Section III , " General and Miscellaneous Admin
istration Expenses." 

III . GENERAL AND MISCELLANEOUS ADMINISTRATION EXPENSES. 

The " General and Miscellaneous Administration Expenses " 
are chargeable to all departments and to make an equitable 
distribution of these expenses it is proposed to deduct the charges 
that are clearly departmental charges, such as, boiler insurance, 
casualty insurance, other insurance, personal injuries, damage 
to other property, pensions etc., and to apportion the remainder 
on the basis of the percentage of the departmental costs (exclu
sive of the General and Miscellaneous Administration Expenses 
and Investment Costs) to the total " Running Expenses " of the 
corporation. 

For illustration, the portion of " General and Miscellaneous 
Administration Expenses " chargeable to the power plant· in 
percentage, is, 

Total production costs plus total production repairs costs v 

Total running expenses of the corporation 

After this percentage is determined, the amounts chargeable 
to the power plant and covered by the groups under " General 
and Miscellaneous Administration Expenses," can be obtained 
and the cost per kw-hr. net output calculated. 
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GENERAL AND MISCELLANEOUS ADMINISTRATION EXPENSES. 

Cost, cents per kw-hr. 
Group net ou tpu t 

A. A. Salaries and Expenses of General 
Officers 

A. B. Salaries and Expenses of General 
Office Clerks 

A. C. General Office Supplies and 
Expenses 

A. D. General Law Expense 
A. E. Relief Depar tment 
A. F . General Stationery and Pr in t ing . . 
A. G. Store Expenses 
A. H'. Miscellaneous General Expenses. . 

Tota l : 

Definitions of General and Miscellaneous Administration Groups 
GROUP A. A. SALARIES AND EXPENSES OF GENERAL OFFICERS. 

This includes the salaries, traveling and incidental expenses 
of the directors, president, vice-president, treasurer, secretary, 
comptroller, general auditor, general manager, assistant general 
manager, chief engineer, general superintendent, purchasing 
agent, and all other officers whose jurisdiction extends to the 
entire system and whose services cannot be satisfactorily allo
cated to the several departments. 

GROUP A. B. SALARIES AND EXPENSES OF GENERAL OFFICE 
CLERKS. This includes the salaries and traveling and incidental 
expenses of general office auditors, bookkeepers, cashiers, pay
masters, stenographers, clerks employed in counting cash, and 
all other clerks employed in the general office. 

Salaries and expenses of clerks in the commercial department 
are not to be charged to this group. 

GROUP A. C. GENERAL OFFICE SUPPLIES AND EXPENSES. 
This covers the cost of office supplies, repairs of office furniture, 
and renewals of such furniture as has not been capitalized; 
wages of janitors, porters, and messengers; rent of rooms in 
office buildings, repairs of such rented rooms, and all other 
miscellaneous expenses of general offices. Office expenses of 
departmental officers must be charged to the proper departmental 
accounts. 

GROUP A. D. GENERAL LAW EXPENSES. This covers all 
law expenses except those incurred in the defense and settle
ment of damage claims, chargeable to the power plant and 
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covered by Groups " P. J ." and " R. T." and those chargeable 
to other departments. This includes salaries and expenses of 
all counsel, solicitors and attorneys, their clerks and attendants, 
and expenses of their offices; cost of law books, printing briefs, 
legal forms, testimony, reports, etc.; fees and retainers for 
services of attorneys not regular employees; court costs and 
payments of special, notarial and witness fees not provided for 
elsewhere; expenses connected with taking depositions and all 
law and court expenses not provided for elsewhere. 

GROUP A. E. RELIEF DEPARTMENT. This covers all salaries 
and expenses incurred in connection with conducting a relief 
department; also contributions made to such department. 

NOTE. All pensions paid to retired employees, and expenses 
in connection therewith are charged directly to the department 
and in case of the power plant, it is covered by item 4 under 
Group " P. J." of " Production Costs." 

GROUP A. F. GENERAL STATIONERY AND PRINTING. This 
includes all expenses for stationery and printing, stationery 
supplies and postage except as hereinafter provided: 

The cost of printing briefs and other legal papers shall be 
charged to Group " A . D . , " " General Law Expenses," or 
Groups " P. J." and " R. T." in accordance with the purpose 
of the printing. 

The cost of printing signs, posters, and other advertising 
matter shall not be charged to this group, as no portion of such 
expenses are chargeable to the power plant. 

The cost of such mechanical calculators, typewriters, duplicat
ing machines and other office appliances as are not properly 
capitalized, shall, if for use in general offices, be charged to 
Group " A. C.," " General Office Supplies and Expenses." 
If these appliances are for use of departmental offices, they should 
not be charged to this group, but to departmental accounts. 

GROUP A. G. STORE EXPENSES. Charge to this group all 
salaries and expenses in connection with store-rooms, including 
cost of sending material and supplies from general store-rooms 
to branch store-rooms, and the collection of scrap material. 

GROUP A. H. MISCELLANEOUS GENERAL EXPENSES. This 
covers the cost of telephone service, telegrams, and all other 
miscellaneous expenses not specifically covered by any one of the 
" General and Miscellaneous Administration Expenses " groups. 
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IV. TOTAL COST OF POWER 

The total cost of power as covered by this section is conven
iently divided into two distinct parts and includes all the costs 
chargeable to the power plant and that have to do with the pro
duction of power, but does not include any portion of the trans
mission, distribution, utilization or commercial expenses. First, 
for comparative purposes and for a study of plant economics 
the total cost of power should consist of production costs plus 
production repairs costs plus investment costs. Second, for 
the purpose of exchanging or selling power or for a study of 
independent plants with a view of combination, the total cost 
of power should include production costs plus production repairs 
costs plus investment costs plus General and Miscellaneous 
Administration Expenses. 

Costs, cents per kw-hr. 
Sections net ou tpu t 

I . Production Cost 
I. Production Repairs Cost 

I I . Investment Cost 

Total Cost of Sections I and I I . 

I I I . General and Miscellaneous Admin
istration Expenses 

Total Cost of Sections I, I I , and I I I 

V. ANALYSIS OF PRODUCTION AND PRODUCTION REPAIRS COSTS 

AND DATA 
Item 

1. Cost of Production plus Production Repairs in cents per kw-hi. net output. .. 
2. Peicentage of fuel cost to the cost of Production plus Production Repairs.. . . 
3. Percentage of labor cost of Production and Production Repairs to total cost of 

Production and Production Repairs 4 
4. Percentage of fuel cost to labor cost of Production and Production Repairs. . 
5. Percentage of cost of Production a^d Production Repairs used for repair 

materials, supplies etc. (100—items 2 and 3) 
6. Percentage of total Production cost to total cost of Production and Production 

Pepairs 
7 . Percentage of total cost of Production Repairs to total cost of Production and 

Production Repairs 
8. Percentage of total cost of Production Repairs to total cost of Production. . . 
9. Average daily wages per man 

10. Kilowatt hours net output per man 
11 . Cost of feed water per 1000 cubic feet (28.32 cubic meters) 
12. Boiler feed water purchased per kw-hr. net output, pounds (kilograms) 
13. Cost of handling coal per ton (2240 lb.) (1016 kg.) 
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Coal per ton (2240 lb.) (1016 kg.) 
14. Average cost \ Fuel oil per barrel (42 U. S. gallons (1.59 hectol i ters) . . . . 

Fuel gas per 1000 cubic feet (28.32 cu. meters) 
f Coal per lb. (0.4534 kg.) (moist, as received) 

15. Average B.t.u. (large calories) I Fuel oil per pound (0.4534 kg.) 
I Fuel gas per cubic foot (0.028 cu. meter) 

( Coal 
16. Average B.t.u. (large calories) per dollar I Fuel oil 

v Fuel gas. 
( Coal 

17. B.t.u. (large calories) supplied per kw-hr. net output ( Fuel oil 
I Fuel gas 

18. ,Coal factor = coal per kw-hr. net output (pounds) (kilograms) 
19. Fuel oil per kw-hr. net output (pounds) (kilograms) 
20. Fuel gas pei kw-hr. net output (cubic feet) (cu. meters) 

r Coal per ton (2240 lb.) (1016 kg.) 
21 . Kw-hr. net output I Fuel oil per barrel (42 U. S. gallons) (1.59 hectoliters) 

I Fuel gas per (1000 cu. ft.) (28.32 cu. meters) 
22. Kind and size of coal 
23. Kind of fuel oil and sp .gr 
24. Kind of fuel gas 
25. Average percentage of ash in coal as received 
26. Average B.t.u. (large calories) per pound (0.4534 kg.) of refuse from coal . . . . 
27. Net thermal efficiency of plant in per cent 

Total kilowatt hours net output X 3415 
= -. ^ —, 7 X 100 

Average B.t.u. per ton X tons of coal used 

28. Load factor of load 

29. Figure of merit (for coal) 

B.t .u. per ton /2240 X % ash 
(Moist) \ 10o X B.t.u. per pound of refuse j 

Price per ton (2240 lb.) ($) 

Large calories 
per 1016 

ories /1016 kg. X % ash large calories per kg . \ 
kg. ~~ V 100 X o f refuse ) 

Price per 1016 kg. ($) 

Discussion of Analysis of Production and Production Repairs 
Costs and Data 

ITEM 1. This figure is determined by dividing the total 
Production and Production Repairs costs by the total kilowatt-
hours net output for the period. By net output is meant, the 
power that leaves the generating station for distribution. The 
total cost of Production and Production Repairs per kilowatt-
hour as obtained from summary under vSection I, will give 
the same result. 

ITEM 2. This figure is obtained by dividing the total cost of 
fuel by the total cost of Production and Production Repairs 



1913] POWER COSTS 1121 

and multiplying by 100, or by dividing the cost of material only 
in Group " P. E.," by the cost of Production plus Production 
Repairs per kilowatt-hour as obtained from the summary under 
Section I and multiplying by 100. 

ITEM 3. Divide the total cost of labor of Production and 
Production Repairs by the total cost of Production and Pro
duction Repairs and multiply by 100, or divide the cost of 
labor per kilowatt-hour in all the groups by the total cost per 
kilowatt-hour given in the summary of Section I and multiply 
by 100. 

ITEM 4. Divide the total cost of fuel by the total cost of 
labor of Production and Production Repairs and multiply by 
100, or divide the cost of material only, in Group " P. E.," by the 
total cost of labor per kilowatt-»hour in all the groups as obtained 
from summary of Section I, and multiply by 100. 

ITEM 5. Determine this figure by subtracting the percentages 
obtained in Items 2 and 3 from 100. 

ITEM 6. Divide the total cost of Production by the total 
cost of Production and Production Repairs and multiply by 
100, or divide the total cost of Production per kilowatt-hour by 
the total cost of Production and Production Repairs per kilowatt-
hour and multiply by 100. 

ITEM 7. Obtain this figure by dividing the total cost of Pro
duction Repairs by the total cost of Production and Production 
Repairs and multiplying by 100, or divide the total cost of 
Production Repairs per kilowatt-hour by the total cost of Pro
duction and Production Repairs per kilowatt-hour and multiply 
by 100. 

ITEM. 8. Divide the total cost of Production Repairs by the 
total cost of Production and multiply by 100, or divide the total 
cost of Production Repairs per kilowatt-hour by the total cost 
of Production per kilowatt-hour and multiply by 100. 

ITEM 9. Obtain this figure by dividing the total daily cost 
of all labor by the total number of men included in all the 
" Production " and " Production Repair " groups with the 
exception of Group " P. A." The " Average Daily Wages per 
Man " is materially affected by local conditions and this should 
be taken into consideration when comparing power costs. 
The " Reduction Factor " to be used in this case is the ratio of 
the lower to the higher " Average Daily Wages per Man." 
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To compare the cost per kilowatt-hour net output of two inde
pendent plants on the same basis, apply the " Reduction Factor " 
to labor only of all groups with the exception of Group " P. A." 
and add or subtract the difference to or from the total cost of 
" Production " plus " Production Repairs " per kilowatt-hour 
net output. 

Group " P. A." " Management and Care," is practically 
independent of load conditions and labor unions and is therefore 
not considered in applying the " Reduction Factor " for labor. 

ITEM 10. This figure is obtained on the basis of all men in
cluded in the Production and Production Repairs groups with 
the exception of Group u P. A." The kilowatt-hours per man 
increase as the station becomes larger in size, and consequently 
the cost of labor per unit generated becomes less. 

ITEM 11. This figure is determined by dividing the total 
cost of feed water delivered by the number of 1000 cubic feet 
(28.32 cu. meters) received. If there is any additional pumping 
charge, it should be included in the cost of water. 

ITEM 12. This figure can be determined by dividing the 
water purchased by meter for the boilers by the total kilowatt-
hours net output. 

ITEM 13. Divide the total cost of labor as covered by Group 
" P . E." items 1 and 2 by the total number of tons of coal handled. 
The cost of labor for coal handling apparatus in Group " R. B " 
item 4 is not to be included. 

ITEM 14. These figures are to be determined on the basis of 
what was actually paid for the fuel. 

ITEM 15. The calorific values of coal and fuel oil should be 
determined by the bomb type calorimeter in which the com
bustible is burned in the presence of oxygen under pressure, as 
this is the most accurate and satisfactory device for solid fuels. 
The gaseous fuels should be tested in a recognized standard 
calorimeter equivalent to the Junker. 

ITEM 16. Determine these figures by dividing the total B.t.u. 
(large calories) in fuel as received, by the actual cost of the fuel. 

ITEM 17. Determine these figures by dividing the total 
B.t.u. (large calories) contained in the fuel, by the total kilowatt-
hours net output for the period. The total B.t.u. (large calories) 
contained in the fuel is equal to the B.t.u. (large calories) obtained 
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from proximate analysis, multiplied by the total number of 
pounds (0.4534 kg.) of coal, oil or cubic feet (0.028 cu. meter) 
of gas used. 

ITEM 18. Divide the total number of pounds (kilograms) of 
coal used by the total kilowatt-hours net output. 

ITEM 19. Divide the total number of pounds (kilograms) of 
fuel oil used by the total kilowatt-hours net output. 

ITEM 20. Divide the total number of cubic feet (cu. meters) 
of gas used by the total kilowatt-hours net output. 

ITEM 21. These figures can be obtained by dividing the total 
kilowatt-hours net output by the total amount of fuel used. 
One barrel equals 42 U. S. gallons or 1.59 hectoliters. 

ITEM 22. State whether, anthracite, semi-anthracite, bitumin
ous, semi-bitumious also if pea, No. 1, No. 2 or No. 3 buckwheat 
or rice coal, etc. 

ITEM 23. State if crude or distilled or reduced fuel oil. The 
average heating value per pound of crude oil generally increases 
as the specific gravity diminishes, but the specific gravity of an 
oil is not an accurate index of its calorific value. However, it 
may be of interest for comparison to give the specific gravity 
under this item. 

ITEM 24. State whether natural gas, coal gas or producer-gas, 
etc. 

ITEM 25. This is determined by the usual proximate analysis 
which is made when the coal is received. 

ITEM 26. This is determined by making a series of tests 
during the period on the refuse taken from the ash heap, sampled 
and analyzed in the same manner as the coal in Item 16. 

ITEM 27. The net thermal efficiency of a steam driven power 
plant in per cent is 

Total kilowatt-hours net output X 3415 m 
Average B.t.u. per ton X tons of coal used 

Average B.t.u. per ton (moist, as received) is obtained by 
multiplying item 15 by 2240. 

The net thermal efficiency is the true measure of the scientific 
perfection of the design of plant, whereas the cost per kilowatt-
hour is the true engineering criterion of the perfection in efficiency 
of the plant. 
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Relation Between Load Factor and Costs 
ITEM 28. The term " load factor " has been used in so many 

different ways, that much confusion still exists among a number 
of central station men. In some instances maximum station 
capacity, machine rating and connected load when considering 
a motor load are used, instead of actual maximum load. Load 
factor based upon the rated capacity shows a wide amount of 
variation, but when based upon the actual maximum load upon 
the plant during the period, it is considerably more uniform. 
If load factor figures are to be of any value for comparative 
purposes, they must be on a uniform basis, using the total 
number of hours in the period under consideration. 

Load factor, as used in this case, is load factor of the load for 
any period and is defined as, the ratio of actual net output during 
the period, to the net maximum hour's load multiplied by the" 
total hours in the period. Thus daily load factor of load in per 

Actual net output for day of 24 hours w .. ΛΛ ^ ,_, 
cent = ~-^— :— i L - r ΓΊ—Λ v/ CM X 100. For the 

Net maximum hour s load X 24 
purpose of comparing any two plants for a given period the load 
factor of the load on the basis of the maximum hour during the 
period should be used and not the average of daily load factors. 
The monthly load factor of load is usually much lower than the 
average of daily load factors. In railway service the peaks on 
Saturdays, Sundays and holidays are comparatively small and 
consequently the load factor is relatively higher than on other 
days. In lighting stations the load factor is usually higher on 
Saturdays and holidays and lower on Sundays than on other 
days. 

Load factor has an important effect on the cost of producing 
power. A low load factor involves the use of relatively large 
equipment operating at light and inefficient loads, but with a 
high load factor, all the elements that enter into the production 
of power are operating at maximum economy, and the cost of 
power is at a minimum. In any given system using coal as 
fuel, with approximately the same average maximum hour load 
the following relative ehanges take place with a change in load 
factor, providing the load factor remains changed over a reason
ably long period of say at least six months. 

The total cost of management and care is practically constant 
and independent of the load factor, but the cost per kilowatt-
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hour net output increases as the load factor decreases. To a 
certain extent the cost of labor varies with the load factor, but 
at about 25 per cent load factor the number of men required 
to operate the plant seems to reach a minimum, and below this 
point, it practically remains constant. The total cost of water 
lubricants, supplies and most of the repairs, varies almost 
directly with the load factor as the costs of these individual items 
are practically functions of machine hours. The total cost of coal 
varies with the load factor but not quite so rapidly, whereas the 
cost of coal per kilowatt-hour net output increases with a 
decreasing load factor. The total kilowatt-hour net output, 
turbine, engine and active fire hours vary directly with the load 
factor. The banked fire hours increase with a decrease in load 
factor but not quite so rapidly. The reserve fire hours slightly 
increase with a decrease in load factor. 

It has been found that the relationship between load factor 
and cost of production plus production repairs in a first-class 
steam plant using coal as fuel, is that the cost per kilowatt-hour 
net output varies approximately as the inverse fourth root of the 
load factor. This law will hold between 15 per cent and 90 per 
cent load factors and is applicable to individual plants, but in 
comparing independent plants the cost of power in each plant 
should be reduced to a common load factor. 

Fig. 1 illustrates graphically the relation between the cost of 
power and load factor for steam turbine plants of 25,000 kilowatts 
capacity and larger, using coal costing $3.00 per ton, having 
14,500 B.t.u. per pound or approximately 10,840,000 B.t.u. 
per dollar. The investment costs are shown by the curves above 
and the cost of producing power by the curves below the axis, 
so that the sum of the ordinates gives the total cost per kilowatt-
hour net output for any load factor. 

The full line curves are for a steam turbine plant operating at 
normal rating which is here considered to be the economical 
rating of the prime mover. The cost of equipment and'building 
is taken at $75 and the land at $6 per kilowatt economical rating. 
The dotted lines show the charges for a plant operating at the 
maximum two-hour overload rating of the prime mover. In 
this case the cost of equipment and building is reduced to $60 and 
the land to $4.8 per kilowatt maximum two-hour overload rating. 
In each case 5 per cent is allowed for interest, 1 per cent for 
taxes, 1 per cent for insurance and 3.5 per cent for amortization 
fund, making a total investment charge of 10.5 per cent. 
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I t is readily seen from the curves that the most important 
item entering into the cost of production and production repairs 
is that of fuel, and during the greater part of the day when the 
load is relatively light the investment costs unquestionably have 

ι— 
I 

D] 

L 

, 

l\ 
\ \ 
\ 
\ 
\ \ 
\ 
\ \ λ \N 

\ 

V 

\ 
N 

»■'■' 

V. 

^^2 

^ . 

5 ^ = ^ 

^ 

1 

pROt 

δ̂ v 
"""—· 

» u c l 

Icof 

REPAIRS,WATE 

O N ^ 

-UEL 

.US 

-KTLC 

R,OI 

�)l)Cl 

LOW 

WAT 

.,SUF 

ION f 

Π"Γ 

T 

PLIE^ 

ΞEPAΞ 

1 ETC 

R8 

' 

J 0 5 1Œ 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 
PER CENT LOAD FACTOR OF LOAD 

F I G . 1 

the greatest influence on the total cost of power. At 20 per cent 
load factor the investment costs are approximately equal to 
the production plus production repairs costs for the $75 plant, 
and becomes much higher as the load factor decreases. The total 
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yearly investment costs is dependent upon the rated capacity 
but independent of the output. 

The lower dotted curve shows the cost of production plus 
production repairs during the maximum hour periods when 
operating at maximum overload rating or 25 per cent above 
economical rating. This is approximately 2.25 per cent higher 
than the cost for economic operation. During the other periods 
the cost will be the same as when operating at normal rating 
or maximum economy. 

If at any load factor the two ordinates are added it will be 
found that the total cost of power is less when operating at over
load rating notwithstanding the increase in cost due to poor 
economy at overload. This shows the marked influence of the 
investment costs on the total cost of power. In other words with 
sufficient margin for insurance the plant can be run at the maxi
mum overload capacity during the maximum hour periods at the 
sacrifice of a large percentage in efficiency during these periods. 

The investment cost curve is obtained by dividing a constant 
by a variable and consequently it is an equilateral hyperbola. 
The equation of this curve referred to its asymptotes as co
ordinates which are at right angles is, 

Yt = -ψ- CD 
in which Υτ represents the investment cost in mills per kilowatt-
hour net output, X the corresponding load factor of load 
expressed in per cent and xyi a constant for any given curve, 
where x and yi are the co-ordinates of any point on the curve. 
To compute the investment costs of any plant for any load factor 
it will be necessary first to determine the value of xyi in which 
x represents the present load factor and yi the corresponding 
investment cost. 

The curve showing the cost of production plus production 
repairs per kilowatt net output is an inverse fourth root curve 
and is represented by the equations. 

in which Fp represents the cost in mills per kilowatt-hour net 
output, X the corresponding load factor of load in per cent 
and yP *Vx a constant for any given curve, where x and yp 
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are the co-ordinates of any point on the curve. To compute 
the production plus the production costs of any Ration for any 
load factor, first determine the value of yp Vx, where x is 
the present load factor and yp the corresponding cost. 

Illustration: If a plant is operating at 30 per cent load factor 
with a cost of 4.4 mills for production plus production repairs 
and 3.1 mills for investment, making a total cost of 7.5 mills per 
kilowatt net output, what will be the cost if the plant were 
operated at 50 per cent load factor? 

Investment Cost 

y, = J0X3JL = 1.86 mills 
OU 

Production plus Production Repairs Costs 

4.4 <4/30 0 „ .„ 
YP = T7=— = 3.87 mills 

^ 5 0 
Total cost of power per kilowatt 

net output 5.73 mills 
If it is desired to obtain the total cost of power including the 

" General and Miscellaneous Administration Expenses/' it will 
be necessary to determine the cost in mills per kilowatt net out
put of Groups " A.A." to "A.H." as discussed under section III 
when operating at 30 per cent load factor, substitute in equation 
(1), solve for Y and add the result to the above figures 5.73 mills. 

Figure of Merit and Reduction Factor for Determining Relative 
Value of Coals 

ITEM 29. The item of fuel has such an important influence 
on the cost of producing power, that in order to compare the 
economy of operation of different plants it is necessary to know 
the character and cost of coal used in each case. In order to 
establish an equitable basis upon which one coal can be com
pared with another of different price and from a different locality 
the term " Figure of Merit " is proposed, which represents the 
B.t.u. per dollar after correcting for ash, and B.t.u. lost in refuse 
as follows: 

Figure of merit 
, . λ /2240X%ash \ 

B.t.u. per ton (moist) — I —— X B.t.u. per pound of refuse 1 
Price per ton, (2240 lb.) ($) 
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The B.t.u. per ton (moist, as received), is obtained by multiply
ing item No. 15 by 2240. Percentage of ash in coal as received 
and the B.t.u. in refuse from the coal are obtained from items 
25 and 26. The price per ton of coal (2240 lb.) is the actual price 
paid the contractor. For illustration take two coals, " A " and 
" B " : 

Coal 

A 
B 

B.t.u. per 
pound moist 

14,500 
13,000 

Price per ton 
(2240 lb.) 

$3.00 
2.00 

Percentage of 
ash in coal 
as received 

5 
10 

B.t.u. per 
pound refuse 

3,500 
4,000 

Figure of merit 

10,696.000 
14,112,000 

The " Figure of Merit " of coal " B " is approximately 32 per 
cent higher than that of coal " A . " 

For the purpose of comparing the production costs per kilo
watt-hour on a common basis, using fuel having the same 
" Figure of Merit," it will be necessary to adopt a " Reduction 
Factor " for correcting the cost of coal having the lowest " Figure 
of Merit," " Reduction Factor," being defined as the ratio of 
the lower to the higher " Figure of Merit." In the above 
illustration the " Reduction Factor " is 

Figure of merit coal " A " _ 10,696,000 ,™ 
Figure of merit coal " B " " 14,112,000 " U · 7 0 8 

Applying this factor to coal " A " is equivalent to saying that 
in order to compare coals " A " and " B " on the same basis, 
with respect to B.t.u., percentage of ash in the coal, B.t.u. in 
the refuse and the price per ton, coal " A " should cost $2.27 per 
ton instead of $3.00. If it is desired to compare the costs per 
kilowatt-hour net output on the same basis, one using coal " A " 
and the other coal " B ," apply the " Reduction Factor " to cost 
of fuel (material only) in group " P. E ." items 1 and 2 of plant 
using coal " A " and subtract the difference from the total cost of 
" Production " per kw-hr. net output. 

Application of Factors 
In comparing the power costs of two independent plants, the 

" Average Daily Wages per Man." " Figure of Merit of Coal " 
and " Load Factor of Load " must always be taken into consid
eration, and the plant having the lowest cost per kilowatt-hour 
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net output should be the proper standard for comparison. If 
it is desired to compare plants " A " and " B " when the former 
has the lower power cost, the corrected cost of plant " B " can 
be computed from the following formula: 

Y = ^ψ + [y, - L (1 - F?) - C (1 - F?)] - | = - · -(S) 

Y represents the corrected cost in mills per kilowatt-hour 
net output of investment plus production plus production repairs 
of plant " B . " 

yi and yp represent the original cost in mills per kilowatt-hour 
net output of investment and production plus production repairs 
respectively of plant " B." 

X and x are the " Load Factors of Load " of plants " A " and 
" B " respectively. 

L is the cost in mills per kilowatt-hour net output of all labor 
in all production and production repair groups with the excep
tion of Group " P. A." 

FL is the " Reduction Factor " for labor as explained under 
item 9 of " Discussion of Analysis of Production and Production 
Repairs Cost and Data." 

C represents the cost in mills per kilowatt-hour net output of 
coal (material only) in Group " P. E.," items* 1 and 2. 

Fc is the " Reduction Factor " for coal as explained under 
item 29 of " Discussion of Analysis of Production and Production 
Repairs Cost and Data." 

Use the reciprocals of FL and Fc if the " Average Daily Wages 
per Man " is lower and the " Figure of Merit " is higher in 
plant " B " than in " A ". 

For illustration we will assume the following approximate 
figures and compute the cost of plant " B " on the basis of " A : " 

Plant 

A 
B 

Load factor 

50 
40 

Figure of 
Merit 

14,000,000 
10,500,000 

Average 
daily wages 

per man 

$2.5 
$2.0 

y% 

2.0 
2 .5 

yp 

4.0 
4 .5 

yi +yp 

6.0 
7.0 

L 

0.13 

C 

3.0 

FL " Reduction Factor " for labor = — = 0.80 

Fc " Reduction Factor " for coal = ' " " n ^ = 0 . 7 5 
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— 3 .0 (1 - 0 . 7 5 ) ] ^ = 5.57 mills 

That is, if plant " B " were operated on the same basis as plant 
" A " with regard to " Load Factor," " Figure of Merit " and 
" Average Daily Wages per Man," the cost of power per kilo
watt-hour net output including investment, production and 
production repairs, would be 5.57 mills which is approximately 
7.2 per cent lower than the cost for plant " A . " 

SUMMARY 

First. Standardization of method for determining the cost of 
all items that enter into the total cost of power, which is divided 
into three distinct sections. 

Second. Method of analyzing the production and production 
costs and operating data for comparative purposes. 

Third. Determining the relation between load factor and cost 
of power, so as to" permit the comparison of costs per kilowatt 
hour under varying conditions. 

Fourth. Establishing an equitable basis for comparing the 
relative values of coals where the chemical analysis and price 
are different. 

Fifth. Method of correcting for the cost of labor where the 
" Average Daily Wages per Man " is materially different. 

In conclusion the authors hope that this paper may be the 
means of arousing sufficient interest in this complex subject to 
insure a full and free discussion of the problems presented and 
that some standard method of determining power costs may 
result therefrom. 


